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0 A detector device. 

@ A device and method for distinguishing between 
different fluids on the basis of their dielectric prop- 
erties. In a preferred embodiment, the device com- 
prises two substantially parallel conductive surfaces 
which are positioned on opposite sides of a fluid 
conduit so as to form a substantially parallel plate 
capacitor. The first conductive surface is electrically 
connected through an inductor to a voltage source, 
and such first conductive surface is also electrically 
connected to the source electrode of a field-effect 
transistor. A resonator device is electrically con- 
nected between the second conductive surface and 
the gate electrode of the field-effect transistor. The 
gate electrode of the field-effect transistor Is further 
electrically connected through a fixed resistance to 
ground, and the drain electrode of the field-effect 

(^transistor is electrically connected directly to ground. 

< 

The inductance of the Inductor Is selected such 
jQthat the resonant frequency of the inductor and the 
©capacitor is substantially the same as the operating 
—^frequency of the resonator device when a desired 
O column of fluid is positioned between the two con- 
Mductive surfaces. In this state, the output voltage of 
Qthe detector device will oscillate. However, when a 
column of fluid having significantly different dielectric 
5j properties is positioned between the two conductive 
surfaces, the resonant frequency of the inductor and 
the capacitor will change, and the output voltage of 



the detector device will stop oscillating. 

m 
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A DETECTOR DEVICE 



This Invention relates to detector devices. Spe- 
cifically this Invention relates to devices and meth- 
ods for distinguishing between different kinds of 
fluids and. more particularly, to a device and meth- 
od for distinguishing between liquids and gases on 
the basis of their differing dielectric properties. This 
invention is particulariy. but not exclusively, useful 
as an alr-in-Hne detector for an IV Infusion device. 

Various kinds of fluid systems are currently in 
wide use in industrial, medical and many other 
applications. As used herein, the term "fluid** refers 
generally to any substance which is not solid and 
which is capable of flowing through a tube or 
conduit and. thus.inc!udes both gases and liquids. 

In fluid systems, it is often desirable to be able 
to distinguish between different fluids, such as, for 
example, water and air. Such detection is essential 
for the proper operation of many fluid systems. 

For example, a fluid system may be intended 
to convey a liquid through a conduit. If sufficient 
quantities of air enter the conduit, however, the 
system may malfunction. For Instance, if the sys- 
tem includes a pump for conveying the liquid 
through the conduit, the pump may cease to op* 
erate properly in the presence of sufficient quan- 
tities of air. The intended function of the system 
will. In any event not be served unless the air is 
detected and removed from the system. 

In fluid systems which are intended for medical 
applications, the early detection of an air bubble in 
a column of liquid can be vital. For example, a 
patent is often supplied with medication or other 
essential liquids through a tube which is connected 
to the patient through an Intravenous (IV) catheter. 
If air bubbles enter the tube and are conveyed to 
the patient the patient can be subjected to signifi- 
cant discomfort Such air bubbles can in some 
cases even become life-threatening. 

In order to ensure the proper operation of fluid 
systems, especially those intended for medical 
use. those skilled in the art have attempted to 
develop devices that will automatically detect an air 
bubble In a column of liquid. Unfortunately, how- 
ever, the prior art devices have typically been 
somewhat limited in their application, such as. for 
example, being limited to use with either an opaq- 
ue liquid or a substantially transparent liquid. Those 
prior art systems which have been intended for use 
with both transparent liquids and opaque liquids 
have generally been quite complex and expensive, 
and also somewhat unreliable. 

One type of system which is commonly used 
to detect the presence of an air bubble in a column 
of liquid uses a light source which is directed 
through the column. A photocell or some other light 



sensitive device Is positioned adjacent the fluid 
column opposite the light source. Then, by detect- 
ing the intensity of the light transmitted through the 
column, the nature of the fluid in the column is 

s ascertained. 

For example. If an opaque liquid is being con- 
ducted through a transparent conduit the absence 
of light transmitted through the conduit is indicative 
of liquid being in the column. If an air bubble 

70 enters the conduit however, the fluid column will 
suddenly become transparent This can be readily 
detected with the photocell and communicated to 
appropriate control circuitry. 

When the liquid being conveyed through a 

75 transparent conduit is also substantially transpar- 
ent, however, detecting an air bubble in the conduit 
becomes somewhat more challenging. In such 
cases, prior art detection devices are often based 
upon the different light transmission properties of 

20 air and liquid. For instance, liquid will generally 
cause a light beam to be refracted as it passes 
through the conduit while air will not Thus, if the 
photocell Is carefully positioned and shielded so as 
to detect only a refracted light beam, the detection 

25 of light by the photocell Is an Indication that clear 
liquid Is in the conduit On the other hand, when 
such a properly positioned and shielded photocell 
does not detect a significant amount of light it is 
likely that air or an opaque fluid is in the conduit 

30 It will be readily appreciated that the above- 
described devices for detecting the presence of an 
air bubble in a column of liquid are quite complex. 
These devices require careful alignment and'or 
shielding of the light source and the photocells. 

35 Additionally, when these detection devices are to 
be used with both opaque and transparent liquids,, 
some means must be provided for Initially detect- 
ing whether a given liquid is either opaque or 
transparent This again adds complexity and cost 

40 to the devices and may tend to make their perfor- 
mance somewhat unpredictable. 

In addition to photo-optical systems, various 
ultrasonic devices have also been proposed for the 
detection of an air-in-line condition. Ultrasonic de- 

45 vices, unlike the photo-optical devices, are not af- 
fected by fluid opacity. Instead, they depend on 
differences In the ultrasonic transmisslve properties 
of the fluid in the tube to distinguish between 
whether a liquid or a gas is flowing through the 

50 tube. Ultrasonic air-in-line detection devices, like 
sophisticated photo-electric devices, however, are 
relatively more expensive to manufacture. 

it is an object of this invention to provide an 
improved detector device. 

According to one aspect of this invention there 
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is provided a detector device for distinguishing 
between fluids having different dielectric properties 
characterised by a first conductive surface and a 
second conductive surface having a pathway for 
fluid there-between, a voltage source, an inductor 
electrically connected between the first conductive 
surface and the voltage source, a resonator device 
electrically connected to the second conductive 
surface, and a transconductance amplifier means 
electrically connected between the resonator de- 
vice and the first conductive surface. 

According to another aspect of this invention 
there is provided a method for distinguishing be- 
- tween fluids having different dielectric properties, 
the method comprising the steps of forming a 
detector system comprising tiie steps of: position- 
ing a first conductive surface in proximity to a 
second conductive surface such that a column of 
fluid can be received tiierebetween and such tiiat 
the first and second conductive surfaces form a 
capacitor, electrically* connecting the second con- 
ductive surface to a resonator device having a 
substantially fixed oscillating frequency; electrically 
connecting an Inductor between the first conductive 
surface and a voltage source, the Inductance of the 
inductor being selected such tiiat the resonant fre- 
quency of tiie inductor and the capacitor is sub- 
stantially equal to the oscillating frequency of the 
resonator device when a column of a first fluid is 
positioned between the first and second conductive 
surfaces of tiie capacitor, tiie resonant frequency of 
the inductor and the capacitor being significantiy 
different from tiie oscillating frequency of the reso- 
nator device when a column of a second fluid is 
positioned between the first and second conductive 
surfaces of tiie capacitor: and providing a transcon- 
ductance amplifier means electrically .connected 
between the resonator device and the first conduc- 
tive surface; detecting an oscillating output voltage 
from the detector system when a column of the 
first fluid is positioned between the first and second 
conductive surfaces; and detecting a substantially 
constant output voltage from the detector system 
when a column of the second fluid is positioned 
between the first and second conductive surfaces. 

The present invention recognizes that an air-in- 
line condition can be detected by means that are 
reliable yet less expensive than tiie optical or ultra- 
sonic systems. In one embodiment of tiie present 
invention, air-in-line condition can be detected by 
effectively incorporating the fluid tube as a compo- 
nent of an electrical circuit Specifically, tiiis em- 
bodiment takes advantage of tiie capacitive 
changes between an air-in-line condition and a 
iiquid-ln-llne condition to determine when tiiere is 
an unwanted air-in-line condition. 

It is an advantage of the present invention that 
it provides a simple electrical device which can 



readily distinguish between liquids and gases In a 
fluid column. 

It is also an advantage of the present invention 
tiiat it provides a device for distinguishing between 
5 different fluids whose operation is substantially in- 
dependent of tiie optical or acoustic properties of 
the fluid. 

It is a further advantage of tiie present inven- 
' tion that is provides a device for distinguishing 

10 between different fluids which is inexpensive to 
manufacture and reliable In operation. 

Also, it Is an advantage of tiie present invention 
tiiat it provides a device which can readily be used 
in medical applications to rapidly detect an air 

;s bubble in a column of virtually any liquid. 

The present invention is directed to a device 
and metfiod for distinguishing between different 
fluids on the basis of ttieir dielectric properties. 
One embodiment of the device comprises two sub- 

20 stantlally parallel conductive surfaces which are 
positioned on opposite side of a column of fluid so 
as to form a substantially parallel plate capacitor. In 
tiiis embodiment the first conductive surface is 
electrically connected through an inductor to a volt- 

25 age source, a resonator device is electrically con- 
nected to tiie second conductive surface, and a 
transconductance amplifier means is electrically 
connected between the resonator device and tiie 
first conductive surface. 

30 The inductance required by tiie device can be 

ascertained by first detennining tiie capacitance of 
tfie two conductive surfaces when a typical desired 
liquid Is in the fluid column. The inductance may 
be then selected such that the resonant frequency 

35 of the inductor and tiie capacitor is substantially 
the same as the oscillating frequency of tiie reso- 
nator device. 

Thus, in tiiis eml>odiment. the output voltage of 
the detector device will oscillate whenever the fluid 

40 column Is filled with the desired liquid. However, 
when a fluid having significantiy different dielectric 
properties passes through tiie fluid column (such 
as. for example, air), tiie effective capacitance of 
tiie capacitor will change, thereby changing tiie 

45 resonant frequency of the inductor and the capaci- 
tor. Consequently, since tiie resonant frequency 
wilt no longer be substantially tiie same as the 
operating frequency of the resonator device, the 
output voltage of the detector device will stop os- 

50 dilating. Hence, one can readily distinguish be- 
tween different fluids in the fluid column. 

Reference is now made to tiie accompanying 
drawings in whichr- 

Rgure 1 is a perspective view of tiie detec- 

55 tor device of the present invention showing how the 
device is used in connection with a substantially 
non-conductive fluid conduit 
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Rgure 2 is a cross-sectional view of the 
embodiment of Rgure 1 taken along lines 2-2 of 
Rgure 1 and showing an air bubble in the fluid 
conduit and 

Rgure 3 is one presently preferred embodi- 5 
ment of the electrical circuitry of the detector de- 
vice of the present invention. 

It will be readily appreciated that the compo- 
nents of the present Invention, as generally de- io 
scribed and illustrated in the Rgures herein, could 
be anranged and designed in a wide variety of 
different configurations. Thus, the following more 
detailed description of the embodiment of the de- 
vice and method of the present invention, as repre- 75 
sented in Rgures 1 through 3. is not Intended to 
limit the scope of the invention, as claimed, but it is 
merely representative of one presentiy prefenred 
embodiment of the Invention. 

The presentiy preferred embodiment of the in- so 
vention will be best understood by reference to tiie 
drawings, wherein like parts are designated with 
like numerals throughout. 

One presently preferred embodiment of the 
detector device of the present invention, desig- 25 
nated generally at 10. is illustrated in its entirety in 
Rgure 1. As shown, detector device 10 comprises 
a housing 12 which may be formed of plastic or 
some otiier suitable material, tmportantiy, housing 
12 has a channel or groove 13 formed therein for 30 
receiving a substantially non-conductive fluid con- 
duit 14. 

As shown in Rgure 2. two conductive surfaces • 
22 and 24 are affixed to or embedded witiiin hous- 
ing 12 in proximity to channel 13. Conductive sur- 35 
faces 22 and 24 form \he plates of a capacitor 20 
(see Rgure 3). Importantly, for reasons which will 
become apparent from ttie discussion which fol- 
lows, conductive surfaces 22 and 24 are positioned 
adjacent channel 13 so as to lie on substantially 40 
opposite sides of a conduit 14 which is located 
within channel 13. 

Conductive surfaces 22 and 24 are illustrated 
in Rgure 2 as being substantially planar, parallel 
surfaces. However, conductive surfaces 22 and 24 45 
may have virtually any suitable shape and still 
serve their essential function as a capacitor. More- 
over, one advantage of tiie detector device 10 of 
the present invention is that conductive surfaces 22 
and 24 do not need to be precisely aligned, thus 50 
making it easier and less expensive to manufacture 
detector device 10. 

The electrical circuitry of detector device 10 
may be conveniently positioned within housing 12, 
as shown generally in figure 2. Such circuitry can 55 
then be connected to an appropriate power source 
and to suitable monitoring devices by means of a 
cable 70. One presently preferred embodiment of 



tiie electrical circuitry of detector device 10 is 
illustrated schematically in Rgure 3. 

As shown in Rgure 3. conductive surface 22 of 
capacitor 20 is electrically connected to a voltage 
source 16 through an inductor 30. Conductive sur- 
face 22 is also electrically connected to tiie source 
electi-ode 52 of a field-effect transistor (FET) 50. 

A resonator device 40 is electrically connected 
between conductive surface 24 of capacitor 20 and 
tiie gate electrode 54 of FET 50. Gate electrode 54 
of FET 50 is further electiically connected through 
a resistor 60 to ground 18, and the drain electrode 
56 of FET 50 is connected directiy to ground 18. 

Resonator 40 comprises an electrical network 
which is designed to oscillate at a specific fre- 
quency. Resonator 40 may. for example, comprise 
tiie resonator device which is currentiy available 
from Frequency Control Products as part No. FCP 
35, and which is designed to oscillate at a fre- 
quency of 3.579 Mega Hertz (MHz). 

As will be appreciated by those skilled in tiie 
art, FET 50 and resistor 60 form a transconduc- 
tance amplifier in a feedback loop between the 
output of resonator 40 and the junction between 
capacitor 20 and inductor 30. The purpose of this 
transductance amplifier in detector device 10 is to 
maintain an operative current level which will allow 
resonator 40 to oscillate at a substantially constant 
frequency. A suitable transconductance amplifier 
circuit could, of course, be configured a number of 
different ways. The FET amplifier circuit illustrated 
in Rgure 3 is presentiy prefenred because of its 
simplicity. 

FET 50 is an n-channel FET and can readily t>e 
obtained from a number of different sources. For 
example, one suitable FET 50 is cunrentiy available 
from National Semiconductor as part No. 2N3918. 

The purpose of resistor 60 is to adjust the gain 
of and properiy bias FET 50. A suitable resistance 
value for resistor 60 when using the FET 50 de- 
scribed above is 10 meg Ohms. 

It is well known tiiat capacitor 20 and inductor 
30 have a resonant frequency at which they will 
oscillate. Such resonant frequency is directiy de- 
pendent upon the capacitance of capacitor 20 and 
the inductance of inductor 30. This relationship can 
be expressed mathematically, as follows: 

f = 1 (1) 

2 LC 



where f = tiie resonant frequency (Hz): 

L = tiie inductance of inductor 30 (henries): and 
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C = the capacitance of capacitor 20 (farads). 

Significantly, wlien the resonant frequency of 
capacitor 20 and inductor 30 is substantially equal 
to the oscillating frequency of resonantor 40. detec- 
tor device 10 will produce an oscillating output 
voltage at 17. On the other hand, if the resonant 
frequency of capacitor 20 and inductor 30 Is signifi- 
cantly different from the oscillating frequency of 
resonator 40. the output voltage 17 of detector 
device 10 will be substantially constant. Thus, de- 
tector device 10 can be designed to produce an 
oscillating output voltage 17 under certain desired 
conditions by properly selecting the inductance of 
inductor 30 in relation to the capacitance of capaci- 
tor 20. 

The capacitance of capacitor 20 is dependent 
upon the surface area of conductive surfaces 22 
and 24. the distance between conductive surfaces 
22 and 24. and the dielectric properties of the 
material between conductive surfaces 22 and 24. 
For example, the capacitance of an ideal parallel 
plate capacitor is approximated by the following 
equation: 

C s K oA (2) 
d 



where C = capacitance (farads); 
K = dielectric constant of material between capaci- 
tor plates; 

CO - pemiitlvity constant (8.85 x 10-^^ 

farad/meter); 

A = surface area of capacitor plates (meter*); and 
d = distance between capacitor plates (meters). 

Due to fringing and other effects, the actual capaci- 
tance of capacitor 20 will be different from the 
value given by equation (2). Equation (2) does, 
however, illustrate in a general way how the capaci- 
tance of capacitor 20 will depend upon the size 
and position of conductive surfaces 22 and 24, as 
well as upon the dielectric nature of the specific 
material which separates conductive surfaces 22 
and 24. 

In using detector device 10, the inductance of 
inductor 30 is selected so that the resonant fre- 
quency of capacitor 20 and inductor 30 is substan- 
tially the same as the oscillating frequency of reso- 
nator 40 when a desired column of fluid is posi- 
tioned between conductive surfaces 22 and 24 of 
capacitor 20. This can be done by measuring tfie 
capacitance of capacitor 20 witii tiie desired col- 
umn of fluid in place and then selecting an Inductor 
30 having a fixed inductance of the required value. 



Altematively, inductor 30 may be a variable induc- 
tance device which can be adjusted so as to pro- 
vide the necessary inductance for each desired 
application. 

s Witii the inductance of inductor 30 property 

selected. \he output voltage 17 of detector device 
10 will oscillate as long as the desired column of 
fluid remains between conductive surfaces 22 and 
24. However, In the event tiie column of fluid 

10 between conductive surfaces 22 and 24 is inter- 
rupted by a column of fluid having different dielec- 
tric properties, the capacitance of capacitor 20 (and 
consequently the resonant frequency of capacitor 
20 and inductor 30) will be changed. In such case, 

75 tiie resonant frequency of capacitor 20 and induc- 
tor 30 will no longer be substantially the same as 
the oscillating frequency of resonator 40, and the 
output voltage 17 of detector device 10 will cease 
oscillating. 

20 For example, the dielectiic constant "K" of air 
is approximately 1.00054. while tiie dielectric con- 
stant of water is approximately 78. Thus, in accor- 
dance witii equations (1) and (2). If a column of 
water between conductive surfaces 22 and 24 Is 

25 replaced by a column of air, the capacitance of 
capacitor 20 will decrease by a factor of approxi- 
mately 78 and the resonant frequency of capacitor 
20 and inductor 30 will increase by a factor of 
approximately 8.8. Hence, if detector device 10 has 

30 been designed to produce an oscillating output 
voltage 17 when a column of water is positioned 
between conductive surfaces 22 and 24. the output 
voltage 17 of detector device 10 will cease to 
oscillate if tiie column of water is replaced by a 

35 column of air. 

Those skilled in the art will recognize that the 
sensitivity of detector device 10 can be selected by 
varying the dimensions of conductive surfaces 22 
and 24 and the 'Q* of tfie LC circuit. As a general 

40 rule, the space between conductive surfaces 22 
and 24 should be approximately just large enough 
to receive the smallest volume of fluid one desires 
to delect For example, the embodiment of detector 
device 10 illustrated in Rgure 2 could readily de- 

45 tect the presence of air bubble 15, since air bubble 
15 occupies virtually Uie entire space between con- 
ductive surfaces 22 and 24. Detector device 10 
might not, however, be able to detect air bubbles 
which are signrficantiy smaller tf^an air bubble 15 

50 because such air bubbles might not be large 
enough to significantly affect the capacitance of 
capacitor 20. 

Those skilled in the art will also appreciate that 
conductive surfaces 22 and 24 need not necessar- 

55 ily be In direct contact witii tine column of fluid. In 
fact, as shown in Rgures 1 and 2. the column of 
fluid will generally reside within some type of con- 
duit. Furtfier. conductive surfaces 22 and 24 may 
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be embedded within the walls of housing 12. The 
volume and dielectric properties of the other ma- 
terials positioned between conductive surface 22 
and 24 will, however, affect both the capacitance of 
capacitor 20 and the overall sensitivity of detector 
device 10. For this reason, both housing 12 and 
fluid conduit 14 should be substantially non-con- 
ductive so that capacitor 20 can function properly. 

By way of furtiier illustration, detector device 
10 of tiie present Invention can be convenientiy 
used by medical personnel to detect the presence 
of an air bubble in tiie flexible tube which canies 
liquid from a reservoir to a patient This tube Is 
commonly refenred to as an "IV" tube, and it is 
connected to a patient by means of an intravenous 
(IV) catiieter. 

For such use. housing 12 of detector device 10 
may advantageously be configured such ttiat It can 
be readily secured to a conventional hospital IV 
stand or directly attached to an IV infusion device. 
In either case, the IV tube 14 can be inserted into 
channel 13 of detector device 10 and will be re- 
leasably held witiitn channel 13 by friction. 

With tube 14 thus in place, tube 14 may be 
filled with tiie liquid to be administered to tiie 
pati'ent. The capacitance of capacitor 20 may tinen 
be measured, and tiie Inductance of inductor 30 is 
selected such tiiat the resonant frequency of ca- 
pacitor 20 and inductor 30 is substantially the same 
as tiie oscillating frequency of resonator 40. 

For example, resonator 40 may have an op- 
erating frequency of 1 .0 MHz. Further, the capaci- 
tance of capacitor 20 might be approximately 5.0 
picofarads when tube 14 is filled with the desired 
liquid. Using equation (1) above, one finds tiiat the 
inductance of inductor 30 must be approximately 
5.1 millihenries in order for tiie resonant frequency 
of capacitor 20 and Inductor 30 to be substantially 
the same as the oscillating frequency of resonator 
40. (he.. 1.0 MHz). 

If the inductance of inductor 30 is so selected, 
detector device 10 will produce an output voltage 
17 which oscillates at a frequency of approximately 
1.0 MHz as long as tube 14 is filled witii tiie 
desired liquid. At some point, however, an air bub- 
ble 15 (see Figure 2) may enter tube 14 and flow 
along tube 14 until it is positioned between conduc- 
tive surfaces 22 and 24 of capacitor 20. When this 
happens, tiie capacitance of capacitor 20 changes, 
along with the resonant frequency of capacitor 20 
and inductor 30. 

For example, when an air bubble Is positioned 
in tube 14 between conductive surfaces 22 and 24 
of capacitor 20. tiie capacitance of capacitor 20 
may drop to approximately 1.25 picofarads. Using 
equation (1). one calculates tiiat the resonant fre- 
quency of capacitor 20 and inductor 30 is now 
equal to approximateley 2.0 MHz. Since tills reso- 



nant frequency is now significantiy different from 
the oscillating frequency of resonator 40 (1.0 MHz), 
detector device 10 will no longer produce an output 
voltage 17 which oscillates. Thus, by appropriately 

5 monitoring output voltage 17. the presence of an 
air bubble 15 between conductive surfaces 22 and 
24 of capacitor 20 may be readily detected. 

Advantageously, the output voltage 17 of de- 
tector device 10 may be connected to conventional 

10 electrical circuitry which will activate some type of 
alarm whenever output voltage 17 stops oscillating. 
Such circuitry is, for example, commonly used in 
medical devices for monitoring a patient's heart. 
The alarm will ttius promptiy notify tiie medical 

15 attendant tiiat an air bubble or some other un- 
desirable fluid is now located in tube 14 so that the 
patient can get the needed attention. 

From tiie above discussion, it will be appre- 
ciated that the present invention provides a simple 

20 device which can readily distinguish between liq- 
uids and gases in a fluid column. The detector 
device of tiie present invention operates on elec- 
trical principles, and its operation is independent of 
the light transmission properties of tiie fluid in the 

25 column. Moreover, the detector device of the 
present invention uses readily available electrical 
components which can be quickly and easily as- 
sembled into a lightweight, compact unit which is 
very reliable. The present invention thus provides a 

30 device for distinguishing between different fluids 
which is Inexpensive to manufacture and reliable in 
operation. Further, as discussed above, tiie detec- 
tor device of the present invention can readily be 
used for medical applications to rapidly detect tiie 

35 presence of air bubbles in a column of virtually any 
liquid. 

Claims 

40 

1 . A detector device for distinguishing between 
fluids having different dielectric properties charac- 
terised by a first conductive surface and a second 
conductive surface having a pathway for fluid 

45 tiierebetween. a voltage source, an inductor elec- 
trically connected between the first conductive sur- 
face and tiie voltage source, a resonator device 
electiically connected to the second conductive 
surface, and a transconductance amplifier means 

50 electrically connected between tiie resonator de- 
vice and the first conductive surface. 

2. A detector device according to Claim 1 
wherein tiie second conductive surface is posi- 
tioned in proximity to the first conductive surface. 

55 tiiereby forming a capacitor in combination with tiie 
first conductive surface, the first and second con- 
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ductive surfaces being further positioned so as to 
be capable of receiving a column of fluid tiiere- 
between. 

3. A detector device according to Claim 1 or 2 
wherein the resonator device has a substantially s 
fixed oscillating frequency and wherein the reso- 
nant frequency of the capacitor and the inductor is 

* substantially equal to the oscillating frequency of 

the resonator device when a column of a desired 
fluid is positioned between the first and second io 
conductive surfaces of the capacitor. 

4. A detector device according to any preced- 
ing claim further comprising: 

a housing having a channel formed therein which is 
adapted to receive a substantially non-conductive is 
fluid conduit; and 

wherein tiie first and second conductive surfaces 
are positioned adiacent the channel and the induc- 
tor, the resonator device, and tiie transconductance 
amplifier means are positioned witiiin ttie housing. 20 

5. A detector according to Claim 1 comprising 
a housing having a channel fomned therein which is 
adapted to receive a substantially non-conductive 
fluid conduit and wherein the first conductive sur- 
face is positioned adjacent tine channel in the hous- 25 
ing: the second conductive surface Is positioned 
adjacent the channel in the housing, the second 
conductive surface forming a capacitor in combina- 
tion with tine first conductive surface, tiie first and 
second conductive surfaces being furtiier posi- so 
tioned such tfiat a portion of a fluid conduit which . 

is received in tiie channel of tiie housing lies sub- 
stantially between the first and second conductive 
surfaces; tiie resonator device is positioned witiiin 
the housing and tiie resonator device has a sub- 35 
stantially fixed osdilating frequency; the inductor is 
positioned witiiin tiie housing and tiie inductance of 
the inductor being selected such tiiat tiie resonant 
frequency of tiie inductor and tiie capacitor is sub- 
stantially equal to ttie oscillating frequency of tfie 40 
resonator device when tiie portion of a fluid conduit 
which lies substantially between tiie first and sec- 
ond conductive surfaces is substantially filled witii 
a desired fluid; and the transconductance amplifier 
means positioned witiiin tiie housing. 45 

6. A detector device according to any preced- 
ing claim wherein tiie first and second conductive 

^ surfaces are substantially planar. 

7. A detector device acconjing to any preced- 
ing claim wherein tiie first and second conductive so 
surfaces are substantially parallel to one another. 

8. A detector device according to any preced- 
ing claim wherein tiie inductor is a variable induc- 
tance device. 

9. A detector device according to any preced- 55 
ing claim wherein tiie transconductance amplifier 
means comprises a field-effect transistor. 



10, A detector device according to any preced- 
ing claim ^ wherein the dimensions of tiie first and 
second conductive surfaces are selected such that 
the space between tiie first and second conductive 
surfaces is approximately just large enough to re- 
ceive tiie smallest volume of fluid It is desired to 
detect. 

11. A metiiod for distinguishing between fluids 
having different dielectric properties, the method 
comprising tiie steps of forming a detector system 
comprising ttie steps of; positioning a first conduc- 
tive surface In proximity to a second conductive 
surface such that a column of fluid can be received 
ttierebetween and such that tiie first and second 
conductive surfaces form a capacitor, electrically 
connecting tiie second conductive surface to a 
resonator device having a substantially fixed os- 
cillating frequency; electrically connecting an in- 
ductor between ttie first conductive surface and a 
voltage source, the inductance of the inductor be- 
ing selected such ttiat tiie resonant frequency of 
ttie inductor and tiie capacitor is substantially equal 
to ttie oscillating firequency of the resonator device 
when a column of a first fluid Is positioned between 
the first and second conductive surfaces of tiie 
capacitor, the resonant frequency of tiie inductor 
and tiie capacitor being significantly different fi-om 
the oscillating frequency of the resonator device 
when a column of a second fluid is positioned 
between tiie first and second conductive surfaces 
of ttie capacitor; and providing a transconductance 
amplifier means electrically connected between ttie 
resonator device and the first conductive surface: 
detecting an oscillating output voltage from tiie 
detector system when a column of the first fluid is 
positioned between the first and second conductive 
surfaces; and detecting a substantially constant 
output voltage from tiie detector system when a 
column of tiie second conductive surfaces. 

12. A method according to Claim 11 wherein 
the detector system fomning step further comprises 
the step of selecting the dimensions of the first and 
second conductive surfaces such tiiat ttie space 
between ttie first and second conductive surfaces 
is approximately just large enough to receive tiie 
smallest volume of fluid It is desired to detect 
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